Background: Because of their individual rarity, genetic diseases and other types of rare diseases are under-represented in healthcare coding systems; this contributes to a lack of ascertainment and recognition of their importance for healthcare planning and resource allocation, and prevents clinical research from being performed. Methods: Orphanet was given the task to develop an inventory of rare diseases and a classification system which could serve as a template to update International terminologies. When the World Health Organization (WHO) launched the revision process of the International Classification of Diseases (ICD), a Topic Advisory Group for rare diseases was established, managed by Orphanet and funded by the European Commission.
Background
Because of their individual rarity, genetic diseases and other types of rare diseases are under-represented in healthcare coding systems; this contributes to a lack of ascertainment and recognition of their importance for healthcare planning and resource allocation, and prevents clinical research from being performed. This results in a poor understanding of their natural history and lack of knowledge of their epidemiology.
There are several thousands of rare diseases, disorders and conditions, the exact number being impossible to establish as it depends directly on the definition of not only what is the threshold for rarity but also on what is the definition of a clinical entity. The threshold for rarity is defined in some regions of the world in the context of regulations put in place to boost the development of therapies for rare diseases through incentives for Industry to invest [1] . It is based on the concept of prevalence or maximum number of patients in a region and ranges roughly from 1 in 10,000 to 1 in 1,000 persons. The definition in the European Union, as established by the Regulation (EC) N°141/2000 of the European Parliament and of the Council of 16 December 1999 on orphan medicinal products [2] is a prevalence of no more than 1 in 2′000.
Until recently there was no systematic effort to establish an inventory of rare disorders, except in the field of genetic defects where the Online Mendelian Inheritance in Man (OMIM) had started to document knowledge on genetic phenotypes as a proxy for genes, then on human genes when identified, as early as 1966 [3] . The compilation of an inventory of rare diseases, beyond genetic diseases, started in a systematic way in 1996, in the context of the rare disease database and knowledge base, Orphanet, established jointly by the French National Institute of Health and Medical Research (INSERM) and the French Ministry of Health [4] before becoming a Joint Action between the member countries of the European Union [5] . Orphanet not only collected information on rare diseases published in the scientific literature, but also classified them, from 2007 onwards, with a poly-hierarchy approach, each clinical entity being assigned an Orpha number. This effort was supported by the European Commission which not only co-financed Orphanet from 2001 onwards, but also established, in January 2004, a Rare Diseases Task Force with the mandate to contribute improve the codification of rare diseases, amongst other public health objectives.
This was instrumental in the decision to propose in 2007 that WHO make use of the Orphanet data to update ICD10 and design ICD11. This led to the establishment, in 2009, of a WHO Topic Advisory Group for Rare Diseases whose efforts and achievements are presented in this article.
State of play of rare diseases coding in ICD10
An assessment of the number of rare clinical entities having a specific code in ICD10 can be derived from the effort carried out by Orphanet to cross-reference Orpha codes with ICD10 codes, starting from the Orphanet list of rare clinical entities defined as a clinically unique, distinct entity, whatever the number and nature of the causes, and following the European definition for rarity, i.e. a prevalence equal of no more than 1 in 2,000 in the general population of Europe. The cross-referencing is based on the 2010 online version of the ICD-10, but takes into account the official WHO updates endorsed in 2011 and 2012. In January 2015, among the over 6,954 clinical entities listed by Orphanet, 355 of them only have a unique specific code in ICD 10 and 162 can be specifically mapped to a set of ICD10 codes.
In fact the situation is complex as one ICD code sometimes corresponds to one Orpha code, but also one ICD code can correspond to a group of rare entities or to a group of both rare and non-rare entities. To increase rare disease representation in ICD-11, the objective is to expand the number of specific codes.
Orpha codes have also been mapped with UMLS terminologies [6] . In 2013 (UMLS-AB 2013 version) 32%, 23% and 14% of the Orphanet rare clinical entities had equivalent counterparts in SNOMED CT, MeSH, and MedDRA, respectively. These results demonstrate the necessity to expand the current coding systems so as to fairly represent entities which have a very significant impact on the healthcare systems and that are targets for innovation.
The ICD revision process up-to-now
The World Health Organization established various Topic Advisory Groups (TAGs) to serve as planning and coordinating advisory bodies in the update and revision process for specific areas ( Figure 1 ). They were given the task of inviting working groups or individual experts to review their proposals. Each TAG is run by a chair and a managing editor [7] . A Revision Steering Group (RSG) including TAG chairs, representatives of the WHO-FIC (World Health Organization Family of International Classifications) Network, other invited terminologies, classification and public health experts, and relevant WHO officers were charged with overseeing the overall revision process through monthly teleconferences [8] .
The revision process started in 2007. The RSG met for the first time in April 2007 to set out plans and define goals for the upcoming ICD-11. During the next meetings, the Health Informatics and Modelling (HIM) TAG was in charge of drafting the conceptual framework of entities and of developing Internet-based collaborative editing tools. A first project based on a wiki (Lexwiki) was rejected and replaced by a Protégé-based webplatform developed by a Stanford University team: the ICD Collaborative Authoring Tool (iCAT).
The official launch of the revision took place in September 2009 during a general meeting of TAG chairs and managing editors at the WHO headquarters in Geneva ('i-Camp"). The revision proceeded in two phases. From September 2009 to May 2012, the TAGs worked to produce a first version of ICD-11 called the alpha-draft, using the iCAT. A public browser was opened in May 2011 to allow the public to view and then (from July 2011 on) to comment the alpha draft. From May 2012 onwards, the revision transitioned towards developing the beta-draft, which intends to be a relatively stable, reviewed draft fit for field testing use. The beta-draft was frozen in August 2014 to enable field trials to begin. Further comments are still collected on the public browser, and dispatched by the WHO to the relevant TAGs; corrections are from then now on implemented as a whole in periodic updates of the beta-draft. The first of those updates was published on early October 2014.
General principles for ICD revision
The current ICD-10 classification is mono-hierarchical: meaning that every entity can figure only at one point in the classification. The historical rationale for this choice was to avoid double counting, since the ICD is primarily used as a statistical tool. This is a problem however for numerous diseases that can be associated with more than one body system, as chapters are broadly organised along them. In such cases, one system must then be given priority, and "exclusion notes" are put in the other relevant chapters to redirect users to the correct code.
The levels of detail in ICD-10 are limited to four: chapter (e.g. IV Endocrine, nutritional and metabolic diseases), block of codes (e.g. E70-E90 Metabolic disorders), threecharacter codes (e.g. E70 Disorders of aromatic amino-acid metabolism) and four-character codes (e.g. E70.0 Classical phenylketonuria). Additional details can be added only in clinical modifications used at the national level.
In the ICD-11, the classification is poly-hierarchical, and every entity is assigned a unique identifier. Diseases can figure in all places relevant for them in the tree structure; for instance, the several endocrine diseases associated with developmental anomalies will figure both in the endocrine and developmental anomalies chapters. This comprehensive tree-structure is called the foundation. It will be fully accessible in the electronic version of ICD11.
However, it is still necessary to keep the possibility of using a mono-hierarchical system: for space reasons in paper versions; to bundle data at specific levels for analysis; and most of all for statistics, to avoid double counting. Therefore, the ICD-11 will also feature linearizations, i.e. simplified versions arranged from a subset of the foundation to allow for a mono-hierarchical view of ICD-11 in which all selected items are mutually exclusive and jointly exhaustive for statistical purposes. Several linearizations are planned to accommodate various use cases: a joint linearization for mortality and morbidity statistics; two primary care linearizations, for low and high resource settings respectively; and several specialty linearizations, notably for dermatology, ophthalmology and rare diseases.
ICD-11 will feature up to seven levels of detail within every chapter. However, only the first three will be used in international comparisons; the additional four levels of detail will remain available for specific uses. It is thus important to ensure that important entities are visible in the first three levels.
In principle, every ICD-11 entity should be defined by elements of a content model [9] , including a title, classification properties, a set of synonyms and inclusion terms, textual definitions and various associated properties. These datasets were designed to allow an ontological approach to ICD-11 entities [10] . The full set of parameters is described in Table 1 .
Methods

Involvement of the rare diseases TAG
The Rare Diseases TAG was established in April 2007 to ensure that rare diseases would now be traceable in mortality and morbidity information systems ( Table 2 ) .
The production of basic information on which to build the classification of rare diseases in ICD-11 was assigned to Orphanet. It contributed to the whole ICD revision process, considering that rare diseases involve all areas of medicine. Orphanet collects series of rare diseases classifications mainly based on scientific grounds (etiology and mechanism). To complement these classifications, a clinical in-house classification is developed to meet the needs of the clinicians. All the classifications, regularly updated as scientific knowledge evolves, can be viewed on the Orphanet website and have served as a basis to build the ICD-11 proposals by the Rare Diseases TAG. For chapters where rare diseases feature prominently, or were dealt with early in the revision process, the Rare Diseases TAG proposed a whole revision of the structure together with the addition of rare diseases. These are the chapters for the blood and immune systems (ICD-10 chapter III), endocrine system, nutritional and metabolism (ch. IV), nervous system (ch. VI), respiratory system (ch. X), and developmental anomalies (ch. XVII).
For the other chapters, the new structure revision has been set up by the specific TAG for the body system and rare diseases were added into it by the Rare Diseases TAG. These are the chapters for infectious and parasitic diseases (ch. I), neoplasms (ch. II), eye (ICD-10 ch. VII), ear (ICD-10 ch. VIII), circulatory system (ch. IX), digestive system (ch. XI), skin (ch. XII), musculoskeletal and connective tissue (ch. XIII), genitourinary system (ch. XIV), pregnancy, childbirth and the puerperium (ch. XV), perinatal conditions (ch. XVI).
No proposal was made in the chapter on mental and behavioral disorders (ch. V). The reason is that the mental and behavioral disorders chapter is set up to allow the coding of levels of disabilities independently from their cause. Therefore it was not possible to establish new levels of coding to include rare diseases impacting on mental status and behavior, but conditions with disorders of intellectual developmental as a relevant clinical feature were listed in a dedicated grouping in the chapter for developmental anomalies. The inclusion of a new chapter for multi-systemic diseases was considered for a time and advocated for by the Rare Diseases TAG. Nevertheless, the WHO decided against its creation and struck out the inwork draft chapter in the iCAT on December 2011. The diseases that it would have contained were later redistributed into chapters for the individual body systems.
The WHO introduced during the writing of the alphadraft a division of labor between TAGs when their areas of interest overlapped. The Rare Disease TAGs frequently experienced it, since rare diseases are found in every area of medicine. In such instances, the WHO assigned the primary responsibility for a chapter or section structure to a "primary TAG", while other interested TAGs remained free to add and edit information. The Rare Diseases TAG was the primary TAG only for the section on developmental anomalies (ch. XVII).
Revision procedures followed by the rare diseases TAG
For chapters where the Rare Diseases TAG proposed a full structural revision, the first stage was a systematic comparison between the extant ICD-10 and the Orphanet classifications of rare diseases. These classifications are produced and updated for the Orphanet database from a synthesis of medical and scientific publications, workshops with expert groups, and direct validation by specialists for restricted groups of disorders. The workflow is described in Figure 2 .
General lines were defined. The chapters were organized primarily on a clinical basis, in line with the mortality and morbidity linearization. Etiology was considered afterwards for further detail. Genetic diseases were classified according to their clinical manifestations. However, they may be identified as genetic in the content model (from the Causal properties section), thus enabling to retrieve them separately. Rare diseases affecting several body systems were included in every relevant chapter, in accordance with the poly-hierarchical line of ICD11; but a main localization was suggested, to prepare for morbidity linearizations, according to the most severe involvement and/or the medical speciality most likely to be relied on for the management of the disease. In some cases, the choice is arbitrary because scientific evidence allows no sound decision. Tumors were systematically doubly classified in the chapter for neoplasms and in the chapter(s) dedicated to the involved body system(s). Morphologically-defined tumors, currently coded with ICD-O, were included in the draft. Constitutional and acquired disorders were regularly distinguished in the hierarchical structure of revised chapters. Categories inherited from the ICD-10 were systematically examined, and preserved as far as possible for the sake of historical continuity. However, the latter requirement was only clearly expressed at the beginning of the beta-draft phase; therefore, several drafts already corrected by experts had to be subsequently amended. From this structural comparison, a draft for a new structure was written as a starting point to submit to working groups and experts. The drafts were sent by mail as PDF files, containing the rationale and general principles for the ICD revision and the revised structure, presented with synonyms and mappings with Orpha numbers. Working groups and experts for Europe were invited by the chair of the Rare Disease TAG. The other TAG members were responsible for disseminating the draft and invitation to contribute in their respective geographic areas: Brazil, Russia, United States, Canada, Australia, and to forward the collected feedback for analysis by the managing editor and assistant. From this feedback, a second, corrected draft was produced and sent for validation to the same experts.
For the revision of the chapter for developmental anomalies, for which the Rare Diseases TAG had primary responsibility, experts met in a conference held on December 2011 in Luxembourg to address the chapter's structure after having been previously submitted a first draft and sent their preliminary feedback.
The implementation of the revised chapters in the iCAT has been variable across time. The first chapters were revised before the iCAT was functioning. Later, chapters were entered into the iCAT when the draft had been reviewed twice and validated by experts. Finally, chapters were entered into the ICAT directly at the stage of the first draft in order to allow other TAGs to comment them as well, and corrections submitted by experts made later as they were received.
Once the revision transitioned to the beta-phase, the Rare Disease TAG's work shifted to ensuring that the rare diseases it had introduced into the ICD-11 structure were duly kept and accordingly classified, to finding accommodations with the requirements of other TAGs regarding their dedicated chapters, and to mapping iCAT and Orphanet identifiers to enable exchange of data between the two systems, notably in the prospect of populating of the ICD-11 content model with Orphanet data. Several hundreds of definitions for rare diseases have already been imported into the iCAT in that way. This mapping has to be regularly updated as the ICD-11 content is still evolving, notably by the reduction of duplicates and the redefinition of certain entities.
Results
Current situation of rare diseases in ICD 11
On 1 October 2014, 5,400 rare diseases listed in the Orphanet database have an endorsed representation in the foundation layer of the ICD-11, and are thus provided with a unique identifier in ICD-11, which is 10 times more than in ICD10. A mapping of those identifiers with ORPHA numbers has been established to allow data exchange and to ensure compatibility between the two information systems; it will need to be regularly updated as new frozen releases of the ICD-11 beta version are issued.
The content model is far from complete for most ICD-11 entities and in all likelihood will never be completed. The amount of data to be gathered is simply too great for the limited means available to the editors, both in terms of time and funding. Besides, keeping such a large repository of data up-to-date is bound to become quickly overwhelming, especially regarding genetic data which are rapidly evolving. The only realistic way to achieve the initial purpose of annotating ICD-11 entities with the planned set of properties at a professional level of quality would be for the WHO to establish long-time partnerships with stable institutions dedicated to gathering and managing the relevant biomedical data.
In the meantime, the focus on filling the whole of the content model has been scaled down: emphasis is now chiefly put on writing definitions for every disease in ICD-11. At least, this will allow the codes to be used without ambiguity. Around 4,000 rare diseases represented in ICAT have an associated definition so far: 2,600 were expressly created by the Rare Diseases TAG, the remaining 1,400 were imported or created by other groups and need yet to be reviewed by the Rare Diseases TAG. 1,400 definitions remain to be written.
The current state of the ICD-11 beta version is open to the public for consultation and comment on an online platform: http://apps.who.int/classifications/icd11/browse/ f/en#/. Everybody is entitled to create an account with a profile and to post comments, which are filtered by the WHO and dispatched among the relevant TAGs. The
TAGs advise on what is to be done and the corresponding corrections are then carried out by the WHO.
The beta version is now frozen, so that it may be stable enough to be used for practical tests in the field. Corrections are nonetheless still possible, but are implemented globally as packages: the beta version now evolves through successive releases rather than being in a state of continuous flux. The last frozen releases of the beta version occurred on 14 August 2014 and 1 October 2014.
The work of many TAGs, including the rare disease TAG, has been largely focused till now on elaborating the foundation layer. However, the importance of the linearizations is now clearly emerging. They will be the tools used in actual practice, each being specifically fitted to a specific use case, while retaining a mutual compatibility by their being derived from the common foundation layer. In some instance they can be regarded as a "patch", allowing to work within a framework expressly tailored for a specific purpose, even when directly using the structure from the foundation layer would be inappropriate or too unwieldy. The most generally used linearization will doubtlessly be the Joint Mortality and Morbidity linearization, designed to establish international epidemiological statistics, according to the basic purpose of the ICD since its inception; but is not intended at all to be the only one. Our position is that linearizations should be developed for every specific use case requiring cross-comparison of institutional data from various origins. Specific interest groups should involve themselves in creating and publishing their linearizations, so that they may be clearly and reliably established, fixed and made known.
The Rare Disease TAG obtained the agreement of WHO for the creation of a linearization for rare diseases. It still remains to be practically developed. Other medical fields that are already planned to have their own specialty linearization are mental health, dermatology, musculoskeletal disease, neurology, paediatrics, occupational health and ophthalmology. The list is not limitative: other groups expressed their interest in having a specific tool, notably for allergology [11] . A linearization for medical genetics will certainly be required, the creation of which could be supported by the Rare Diseases TAG
Discussion
The The strategy adopted by WHO was extremely ambitious and difficult to implement. The advance of knowledge since the 1980s (when the basic structure of ICD-10 was elaborated) makes the need for a general overhaul quite obvious. It is simultaneously necessary to manage the transition from paper to electronic records and to make use of the wide array of new technical possibilities opened by the development of information technology over the last two decades. Hence the project of turning the old ICD-10, primarily thought and used as a reference tool for statistics, into an ICD-11, intended as a versatile reference tool for any setting requiring the use of an interoperable classification of diseases, with features reminiscent (and allowing the derivative development) of an encyclopedia and ontology. Unfortunately, the revision proceeded rather erratically, with very limited means considering its scope, ambition and strategic significance, and experienced significant hurdles and setbacks. The lack of funding impacted the level of professionalism that could be attained. The contrast between the initially declared goals and the currently foreseen final product is disappointing.
Organizational issues
The collaboration between TAGs was left to personal initiatives only, as the TAGs were not given clear instructions on how they should actually work together. The Rare Disease TAG was especially well-placed to experience this issue, because its scope of intervention involved nearly every chapters of the ICD and naturally led it to interact with many of the other TAGs. In practice, the quality of those relationships was extremely variable: a few were efficient collaborations, some were more difficult but ultimately fruitful and resulted in agreement, but there were also points of utter divergence. The selected model of distributed terminology development [12] was more an experiment than a real organizational choice.
TAGs were constituted progressively during the revision process, without a formal process defining in advance their final number and exact scope of activities: the division of responsibilities between "primary" and "secondary" TAGs (see above) occurred only quite late during writing the alpha-draft. Since the TAGs started working at various periods, their level of understanding depended on the number of RSG meetings they could attend and their ability to explore the collaborative instruments. The TAGs that started working later on quite naturally ignored most of the basic rules agreed on orally but never explicitly written down in detail in a guidance document. Notably the full poly-hierarchy of ICD11, which allows all other TAGs create new hierarchies of diseases assigned to one specific ICD-10 chapter, was not understood by many TAGs. The absence of a restriction on levels of detail was not understood either. Several times, very rare but well-recorded diseases we had added into the new structure were discarded by the TAG for the relevant medical specialty as too rare to be of interest, or better represented as inclusion terms of bundled categories. This was not acceptable to us and caused many areas of friction. The necessity of unambiguous names once read out of context was not respected by most TAGs.
From our experience, the lack of agreement on and appropriation of the basic revision concepts and principles by the TAGs has been the source of many misunderstandings between TAGs. We opine that more attention should have been devoted to dealing collectively with such issues from the very start of the revision. Not enough time was spent on educating the medical experts involved in the TAGs on the requirements of an effective information system. Instead, the initial emphasis was rather put on educating TAG members on using collaborative tools. While there is of course no question that this was necessary, we argue that this was premature before the lineaments of this collaboration had been effectively settled. The resulting disagreements had to be solved later by time-consuming and sometimes difficult exchanges of mails, face-to-face meetings and teleconferences.
Many formal rules emerged during the revision process and were formalized only several years after the revision had begun. Consequently, the work carried out on many entities had to be repeated later to adapt the data to the finally decided format. In view of the limited means allotted to the revision, this produced an unnecessarily heavy workload as tasks had to be done and redone again and again, hence many delays, frustration and sometimes even anger with the whole process (resulting for instance in resignation). It is impossible here not to regret the waste of time that would have been saved by normalization from the start.
A few examples of this late formulation of rules are now given. Information notes formalizing various aspects, were produced only from the end of 2011 to 2013, so two years after the revision process had been launched, and four years after the preliminary discussions in 2007 [13] . Rules for the naming of diseases were not clear for many TAGs, despite the existence of a WHO style guide. In particular, many names were initially created that made sense only in the hierarchical framework the entity was included in, but which would have made little sense in an alphabetical list like the ICD-11 index. A template on how short definitions should be written has formalized by a dedicated WHO team in 2014 only [14] .
On the whole, there appears in many TAGs to have been an understandable focus on medical issues but at the expense of those related to organizing knowledge into an information system. It shows that the background in information science of the revision organizers was unfortunately not transmitted efficiently enough to the experts participating into the TAGs. Much of their time probably went into appropriating the tools put at their disposal, when they actually did, since we are aware that a large amount of the proposals were finally implemented by WHO officials. Face-to-face meetings between each TAG and WHO officials proved to be absolutely necessary before the beta version could be reasonably put on line.
Alternatively, we think that fully acknowledging this division of the tasks between medical experts and information scientists would have been more efficient. Time and money could have been saved by gathering information from medical literature and taking advantage of the clinical modifications of ICD-10 used in various countries. Some elements of them may have been used during the revision, but no general analysis was ever presented. The TAGs missed here an opportunity to obtain a view of the existing needs of practicing coders on the field, to evaluate their consistency across countries and compare this feedback with the revision directions required by the advance of knowledge. From those data, a preliminary draft could have been produced by information professionals according to the general principles of ICD-11, as planned by the RSG. Then this draft would have been submitted to experts for discussion, and conferences held to establish a consensus. Finally information professionals would then have implemented the decided structure in the iCAT and submitted the result to the experts for validation.
The Rare Diseases TAG used this organization quite successfully. We also experienced several times the much greater added value of direct face-to-face discussion compared with mail or even phone calls, and wish to especially thank all experts that devoted some of their time to us in order to directly discuss the ICD-11 structure together.
Conceptual issues
The revision process was supposed to produce a coherent classification, based on the current state of science, and adapted to the users' needs. Unfortunately, the discussion on the structure happened only at the level of the Health Informatics and Modeling (HIM) TAG, at the conceptual level, and never between all the Revision Steering Group (RSG) members. None of the RSG meetings had a dedicated session for debating the basic principles guiding the revision of the structure. The result is that the current ICD-11 structure is at least as inconsistent as in ICD-10.
From the start of the revision, especially during the preliminary discussions from 2007 to 2009, the HIM TAG and RSG appear to have been much impressed by the social networking model on a large scale information project provided by Wikipedia, the free online encyclopedia that anyone can edit. It is definitely a successful model of collaborative work, with more than 4 600 000 articles in the English version to date, though at every possible level of advancement and quality. On the other hand, producing a generic all-public encyclopedia and a consistent reference tool for classification are quite different endeavors: while the former can thrive in a decentralized setting, as topics are highly diverse and consistency not necessarily an issue (with the possibility of cross references by internal links), the latter requires a much more thoroughly formalized framework. The bottom-to-top approach upheld by the RSG, especially in the early phases of the revision, might have been effective to produce a worldwide encyclopedia of diseases; but to produce a consistent classification, build a reference consensus and enable continuity with previous versions of ICD, a complementary top-to-bottom management was inescapable from the start. Nonetheless, the RSG left the TAGs very free (too free) to organize themselves and define the main lines of the structures they were building. An illustration of the result of this lack of direction is the notably different approaches adopted by the various TAGs. While such differing approaches may be commendable when corresponding medical specialties are considered in isolation, the global result appears to lack clearly defined classificatory principles. This makes it more difficult than needed to understand and may be a hurdle in the future for appropriation by coders. For instance, the chapter on diseases of the digestive system is mostly divided along anatomical lines (Table 3) , when the chapter for neurology follows a more etiological approach [15] (Table 4 ). In the chapter for hematology, it was not possible to reach a consensus, so two different views coexist: one by classically described clinical groups (anemias, polycythemias, hemorrhagic diseases, thrombotic diseases etc.), corresponding to the Rare Diseases TAG draft, one based on etiology (iron deficiency, vitamin B12 deficiency, other nutritional and metabolic anemias, hemolytic anemias, etc.), following the requirements of the Hematology Working Group of the Internal Medicine TAG. Most of the entities are shared, but the structures are quite different, which will have consequences later for analysis depending on which one is chosen for aggregating data. According to the ICD revision procedures, a common classification should have been elaborated in the foundation layer of ICD-11; specific views are supposed to be represented at the linearization level, adapted for different use cases. As a final example, the chapter for circulatory diseases uses several approaches simultaneously, which makes it quite difficult to approach as a tree-structure (Table 5) .
Multi-classified entities are often heterogeneously treated because of lack of rules on how to manage multi-classification of entities vs. classifying a disease and its particular manifestations. It was stated early that the dagger-and-asterisk system used in ICD-10 to represent primary and secondary involvement would be discontinued. Unfortunately, for a long time it was not made clear how it was to be replaced. Therefore, TAGs faced with the need to represent secondary involvements, or specific manifestations of a particular diseases, tried a variety of creative solutions resulting in great heterogeneity across chapters. The typical case was an infectious or multi-systemic disease created several times for every of its various manifestations, without them being associated anywhere under a common heading representing the disease as a whole, or the heading might have been created without including or ranging over subtypes for the various manifestations. This problem was acute for a long time but is now solved (largely by WHO officials) by establishing the correct parentings. Nevertheless, there are still lingering problems; for instance, in the digestive chapters, ulcers caused by Crohn disease or sarcoidosis have no formal link with Crohn disease or sarcoidosis.
Technical issues
The iCAT tool had some limitations, although secondary compared to the organizational and conceptual issues described above. It must be made clear that those limitations are due to the lack of proper funding to sustain this ambitious process, after the main application initially developed had been turned down. The iCAT tool has been developed afterwards on a voluntary basis by a very small, but fortunately very skilled, reactive and committed team.
While effective and user-friendly for documenting diseases and managing hierarchies, the iCAT has not been designed to accommodate differences of views among editors in a multi-authored process. The choice was made to allow any editor to edit any entity; as a result, before editing rights were gradually restricted during the beta-draft phase, the final stage reflected the decision of the last editor, and could always be challenged again, resulting in great instability. The only way to point out differences was to leave editorial notes, as the tool allows every data to be annotated in free text. While this feature is clearly helpful for documenting the reason for changes and citing source, it proved unusable in practice to hold sustained discussions between editors, which have been therefore conducted mostly by private e-mail, and are therefore not available on the platform for consultation and citation.
The problem has been addressed in the ICD-11 beta browser, on which the general public is invited to consult and comment the forthcoming ICD-11: here a more centralized system has been set out, where comments are filtered by the WHO and dispatched to the relevant TAGs.
The inability of the iCAT to manage editorial rights and duties, coupled with the absence of clear rules, ended up creating a stressful situation where thousands of hours of work could be erased by another group modifying the iCAT content without any dialogue, without possibility to restore a previous version. This was counterproductive and disrespectful. It was a waste of resources ending up with a chaotic final product.
At the beginning of the revision, the platform's internal search engine was quite inefficient and worked only on exact matches between character strings in entity titles. It did not effectively allow for a user to check whether an entity intended for creation by a TAG had not already been added before by another one. Since there are naturally many overlaps between the fields of medicine attributed to the various TAGs, this resulted in the production of a massive amount of duplicate entries, that had later to be detected (partly with the help of automatic scripts) and solved one by one by hand. This pruning was near to reaching completion in September 2014, as far as detected duplicates are concerned. It must be emphasized however that this was a frustrating and time-consuming task, which would have been at least partly avoided by delaying work on the iCAT before the search engine had been fixed to provide a reasonably effective safeguard against the creation of so many duplicates. There also remains the possibility of duplicates at a conceptual, not lexical level, i.e. the coexistence of entities that have a very similar scope but are named so differently that it is impossible to detect the problem by purely formal means. There is no other way for now other than relying on the expertise of the TAGs to deal with this issue.
Conclusions
Currently, only a small fraction of rare diseases have codes in international nomenclatures, especially in ICD10, making it impossible to trace patients with rare diseases in health information systems on a national and international level. Having codes for each and every rare disease would help obtain a better knowledge of healthcare pathways and of their impact on specialized health care services and on budgets. The existence of specific codes for rare diseases are key to evaluate the performance of the European reference networks of centres of expertise for rare diseases which are about to be implemented. It would also provide data for clinical research which is critically needed in this field, and would allow genomics activity, which is growing fast in developed countries, to be coded. Next generation sequencing data requires next-generation phenotyping [16] . The provided classifications need to offer a wide range of granularity level in order to code rare disease patients in different care settings, from primary care to centres of expertise for rare diseases, from clinical diagnosis up to genetic diagnosis The revision of the International Classification of Diseases, which is the main instrument at world level, to code health events and draw statistics for International comparisons, is in its final stage. The current beta version is open for public consultation and comments, and for field testing use. The adoption by the World Health Assembly is planned for 2017. In the context of uncertainty around the outcome of the field testing and the potential willingness of countries to adopt this new version, the European Commission Expert Group on Rare Diseases adopted in November 2014 a recommendation for national health care coding systems to consider using ORPHA codes in addition to ICD10 codes when a rare disease has no specific ICD10 code [17] . As Orpha codes will be linked with ICD11 the switch from ICD10 to ICD11 will be made easier if decided.
It is not fair to the large community of patients with rare diseases, not to make their case visible in health information systems, and a solution should be adopted at least until the ICD11 is fully implemented in countries. An intermediate solution for the codification of rare diseases could be to add the ORPHA code to the current coding systems. The Orphanet terminology and classifications, and their mapping with other terminologies are freely available under Creative Commons AttributionNoDerivs Licence, in computable user-friendly formats at www.orphadata.org (xml format or through the Orphanet Rare Diseases Ontology (ORDO) in OWL and boo formats). Two European countries, France and Germany, have already decided to adopt ORPHA codes as a complement to ICD10 and are in the pilot phase of implementation. Fourteen other European countries are considering the use of Orphacodes at national level and in some instances this is already a planned measure of their national plans/strategies for rare diseases [18] . ORPHA codes are already in use in some Italian regions covering half of the Italian population and the exploitation of the generated data demonstrate how useful this approach can be [19] .
Availability of supporting data
All classifications compiled by the Orphanet team are freely accessible at www.orphadata.org.
The beta version of ICD11 is accessible at http://apps. who.int/classifications/icd11/browse/f/en#/ Some committees and learned societies systematically received proposals to review:
